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(g) Bacteriophage lysins and their applications in destroying and testing for bacteria. 

(57) Bacteriophages of food-contaminating or pathogenic bacteria or the lysins thereof are used to Ml 
such bacteria. Examples include lysins from bacteriophages of Listeria monocytogenes and 
Clostridium tyrobutyricum. 

Tests for bacterial contamination can be made specific for specific bacteria by using the appropriate 
bacteriophage or lysin thereof and determining whether cells are iysed thereby. 
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This invention relates to the use of bacterial viruses (bacteriophages) which use bacteria as hosts and pro- 
duce a bacteriophage lysin responsible for cell-wall degradation and lysis of the host cells. 

Attempts to use a bacteriophage as an antimicrobial agent have failed to be effective. We have previously 
used the lysin of the bacteriophage 0vML3 of Lacfococcus lactis ML3, which Is aclive against ell strains of all 
5 subspecies of Lectococcus tecf/s, very weakly affects group D enterococcl, but does not have any action on a 
wide variety of other species tested (Shearman et at (1989) Molecular and Genera/ Genetics 21 B 214-221) 
to lyse cheese starter cultures (WO90/00599). WO/00599 also discloses the use of micro-organisms, trans- 
formed to express the evML3 lysin, to suppress populations of bacteria susceptible to the lysin, ie the Lacto- 
coccus lactis cheese starter culture strains. 

10 It Is also known to use cheese starter culture bacteria to produce the simple peptide nisin in order to destroy 
harmful bacteria. 

We have now found mat further bacteriophage lysins can be used to destroy unwanted bacteria, especially 
food-contaminating bacteria prejudicial to health. 

A first aspect of the present invention provides a formulation comprising a rysin of a bacteriophage of a 
food-contaminating or pathogenic bacterium or a variant of such a lysin. substantially free of the bacteriophage 
Preferably the Listeria phage oLM4 or Clostridium tymbutyricum phage eP lysins are used. They ad against 
all tested species and strains of Listeria and also strains of Kurthia icpfii, or against Clostridium tymbutyricum 
las appropriate), but lack activity against other tested species. 

A 'variant- of such a lysin Is any polypeptide of which at least 30% (preferably at least 50% 75% 90% 
95% or 99%) has at least 80% (preferably at least 90%, 95% or 99%) amino acid homology with the correspond- 
ing region of the lysin Itself and which has at least 30% (preferably at least 50%, 75%. 90% or 95%) of the bac- 
lerial lysing capability of the said lysin. 

Food-contaminaUng bacteria are those which, by virtue of their presence or compounds produced by them 
cause undesirable flavours, odours or visual appearances or cause illness in humans or animals consuming* 
25 the food. 

The organism which is destroyed may be any of the following: 
Listeria monocytogenes, Clostridium tyrobutyricum. Clostridium botutinum, Clostridum perfringens lactic scti 
bacteria (eg Lactobacillus brevis) causing beer spoilage, Salmonella spp. t Yersinia spp., Campylobacter, £ 
colt, Pseudomonas spp.. Staphylococcus, Bacillus spp, (including Bacillus cereus), Shigella spp. and Vibrio 

30 spp. 

Pathogenic bacteria include ell pathogenic bacteria of humans, animals and plants. However, in a medical 
or veterinary context, as is explained further below, bacteria Involved in topical or superficial infections are of 
particular interest These include Sfapny/o coccu* spp. (eg Sfaph, aureus), Streptococcus spp., Corynobacte- 
num spp., Ckxtndium spp. (eg CJ. perfringens). Yersinia spp. (eg V. pestis). Pasteurella spp. (eg P. muHocida), 
Streptobactllus spp. (eg Stmptoba alius moniliformis), Proteus spp. (eg P. mirabilis) and Pseudonomas spp. 

A eecond aspect of the invention provide a substantially pure preparation of a lysin from a bacteriophage 
of a food-contaminating or pathogenic bacterium, 

A third aspect of the invention provides a coding sequence for such a rysln. 

A fourth aspect provides a DNA construct comprising a coding sequence as above in an expression vehicle 
4C suitable for transformabon of a microbial host or cell line. 

Suitable regulatory expression vectors, transformation techniques, and hosts are ail known in the an The 
host may be any micro-organism or cell line which is found to express the said lysin gene, and may be a bsc- 
tenum such as E . coli or Lectococcus lactis, e yeast such as Sacchemmyces cerevisiae or KJuveromyces lactis 
or a filamentous fungus such as Aspergillus niger. 

Thus a fifth aspect provides a microbial or cell line host transformed with such an expression vehicf e and 
capable of expressing the lysin coding sequence. 

A sixth aspect provides a polypeptide derived from the expression of the said lysin coding sequence in a 
suitable host transformed with such an expression vehide. 

A seventh aspect of the present invention provides a method of destroying pathogenic or food- 
5o contaminating bacteria characterised in that said bacteria are lysed with a lysin or a variant of such a lysin from 
a bacteriophage of such bacteria. 

The use of such a preparation in food or agriculture simply involves the addition of an amount sufficient to 
provide an inhibitory concentration of lysin activity. The specific activity of any preparation may readily be cal- 
culated, for example by use of the spectrophotometry assay described later. The quantity of preparation nec- 
essary for effective protection in a given food may be arrived at by routine experimentation. The lysin is applied 
m a suitable, non-toxic aqueous medium. Any food may be treated with such a preparation by addition or ap- 
plication lo surfaces eg of cut, cooked meet or poultry, soft cheeses and pates of fish or meat. The term tood" 
includes drinks (such as water, beer, milk and soft drinks), animal food (sucn as pet food or cattJe food) and 
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produce destined for consumption by humans or animals (such as stored potatoes). In agriculture, a particular 
application is addition to silage where Listeria and Clostridium tyrobutyricum are known to present a problem 
that can be passed on up the food chain. In brewing, brewing yeast transformed with a lysin gene may be used. 
In a medical or veterinary context, because the lysin is likely to be degraded or to produce an immune re- 
5 action, it is preferred to administer It topically in diseases of the skin such as ulcere, bums and acne. It may be 
applied as the clinician directs, as a lotion, cream or ointment 

An eighth aspect provides a method of testing for the presence of bacteria which are lysed by a bacterio- 
phage or by the lysin thereof, comprising exposing a sample to the said bacteriophage or lysin and determining 
whether bacteria have been lysed as a result ol such exposure. 
10 Any technology that exploits the release of intracellular biochemicals (eg ATP or enzymes such as alkaline 

phosphatase or esterase) to detect micro-organisms can, In accordance with the invention, be made specific 
for the target range of such lysins. For example, an ATP or phosphatase release test for Listeria using the Lis- 
teria bacteriophage or lysin thereof, in which the release of ATP or phosphatase is delected (eg by linkage to 
a luciferase reaction end monitoring of photon release or by spectrophotometry methods as is described below) 
indicates the specific presence of Listeria in a sample. The invention further provides a kit comprising a lysin 
and means to detect bacterial lysis. 

Preferably, me bacteriophage in all these contexts is or at least Includes Listeria monocytogenes eLM4 or 
a bacteriophage of Clostridium tyrobutyricum, such as eP1. Several different lysins may be used in order to 
destroy or Identify a specific range of bacteria. 
20 The cloning and characterization of the gene for the lysin of the Listeria bacteriophage eLM4 has facilitated 

the production of the free lysin and the availability of Its structural gene. These components have application 
in the protection of environment and food material from pathogenic strains of Listeria, The free lysin acts as a 
novel antimicrobial that kills such bacteria and the gene can be genetically engineered in a non- pathogenic 
micro-organism such thai trie latter produce the Listeria lysin thereby equipping it with a novel anlt-Usteria ca- 
25 pability. For example, a food-grade micro-organism may be transformed with a DNA construct comprising a 
coding sequence for the lysin. 

Preferred embodiments of the Invention will now be described by way of example with reference to the ac- 
companying drawings, in which:- 

Figure 1 shows patches of £ coli clones with AV/ndlll fragments of 0LM4 DNA in the W/ndlll site of vector 
jo pUC18. The plate is overtayed with a suspension of Listeria monocytogenes 6868 cells and lysin producing 
clones create dear zones around the patch (indicated by an arrow). 

Figure 2 is a restriction and deletion map of lysin-expressing done pFI322. The result of lysin activity tests 
is indicated lo the right The inferred location of the lysin gene is shown. Arrows indicate the orientation of the 
lysin gene with respect to the lac a promoter of the pUC vector used which Is transcribed from left to right in 
35 this figure (ia pFI324 is opposed to the lac a promoter, other clones are transcribed in the same direction as 
the lac a promoter). 

Plasmid pF1322 is pUClB carrying a 3.6kb H/ndlll fragment of bacteriophage oLM4 DNA. Plasmid pF1326 
is pF1322 with a 0.56kb H/ndlll - Sa/I deletion. Plasmid pFl327 is pF1 322 with a 1 .32kb Wmdlll - f ooRI deletion 
Plasmid P F1324 is pUC18 carrying a 1.9kb Hin6\)\ * A/rul fragment of pF1322 cloned between its H/ndHI and 
40 HincU sites. Plasmid pF1325 is P UC18 carrying a 1.6kb A/rul - Wmdlll fragment of pFl322 doned between its 
HmcU and H/ndUM sites. Plasmid P F1328 Is pUC19 carrying a 1.9kb Hind\\\ - Nru) fragment of pF1322 doned 
between its H/ndlll and HlneW sites. Plasmid pF1329 ispF1 326 carrying a 1.8kb Bapl deletion from the polylinker 
esmHI site. Plasmid pFi330 is pF132B carrying a 1.6kb Bapi deletion from the polylinker fiamHI site. 

Figure 3 illustrates the response of a suspension of Listeria monocytogenes 6B6B cells to cell free extracts 
4$ of £ coli strains harbouring plasmids pFI322(A). pFI32fl(A)> pFI329(0) and pUC19(«). 

Figure 4 is a Coomassie blue stained SDS polyacrylamlde gel of proteins produced by E, coli strain carrying 
the T7 expression vector pSP73 (tracks 2 and 3) or pFI331 which carries the lysin gene (tracks 4 and 5). Urv- 
induced cells (tracks 2 and 4) are compared with induced cells (tracks 3 and 5). Molecular weight markers are 
present (tracks 1 and 6) and the expressed lysin protein is indicated by an arrow. 
50 Figure 5 illustrates the sequencing strategy used. The extent and direction of sequences determined are 
indicated by the arrows. Synthetic oligonucleotide primers are indicated by boxes. 

Figure 6 shows a single strand of the region of eLM4 DNA that encodes the lysin gene. 
Figure 7 is the Analyseq print out of the analysis of the DNA sequence shown in Figure 6. The identification 
of the open reading frame of the lysin gene rs In the top panel. 
55 Figure 8 shows the double stranded DNA sequence of the lysin structural gene and te translated protein 

product 

Figure 9 shows the protective effect of doned Listeria lysin on skimmed milk to which Listeria Monocyto- 
genes is added. 
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Figure 10 shows the expression of the Listeria lysin gene in Lactococcus JecVs under the control of the 
lactose inducible lartococcal lactose operon promoter 

EXAMPLE 1: CLONING OF LYSIN GENE, ETC 

Isolation of bacteriophage gLM4 

A bacteriophage named bLM4 was isolated from a culture of Listeria monocytogenes serotype 4b that was 
originally obtained from a listeriosis outbreak in Nova Scotia, Canada in 1981. The source of the infection was 

w tracked down to contaminated coleslaw. This culture of Listeria monocytogenes was deposited under the Bu- 
dapest Treaty as NCTC 12452 In the National Collection of Type Cultures, Central Public Health Laboratory, 
Colindale. London, UK on 21 March 1991. The bacteriophage was purified by standard single plaque isolation 
procedure using Usteria monocytogenes F6668 as trie host. This culture was similarly deposited under the Bu- 
dapest Treaty as NCTC 12453 in the National Collection of Type Cultures, Central Public Health Laboratory, 

is Colindale, London, UK on 21 March 1991. Examination of this bacteriophage by electron microscopy revealed 
rt to have an isometric head with a diameter of approximately 50nm and a tail of approximately 250nm. 

Isolation of DNA from Listeria monocytogenes bacteriophage gLM4 

20 20ml of an 18 hour culture of Listeria monocytogenes F6868 was inoculated Into 500ml of Bacto tryptose 

phosphate broth and incubated with shaking at 30°Co When CD. 600 reached 0.1S the culture was infected 
with 5 x 10" p.f.u. of bacteriophage aLM4 and incubated until lysis was apparent as a loss of turbidity. The 
lysate was centrlfuged at 6000 x g for 10 mln at 4«C. The bacteriophage lysate was then concentrated by poly- 
ethylene glycol precipitation and purified on caesium chloride stepped gradients using well established prolo- 
gs cols (Bachrach and Friedmann (1971) Applied Microbiology 22: 708-71 5). Bacteriophage DNA was extracted 
by dialysis against 50% formamide in TE buffer (0.1 Tris - HCI, 0.01M EDTA, pH 6.5). Further purification was 
tnen performed on caesium chloride-ethidium bromide equilibrium density gradients. Examination of the bac- 
teriophage DNA by agarose gel electrophoresis revealed the genome to be approximately 39kb in size. 

so Cloning the bacteriophage eLM4 lysin gene 

DNA purified from bacteriophage al_M4 was digested with restriction endonucfease H/rxJIII and ligated to 
plasmid pUC18 vector DNA that had also been cleaved with restriction endonuciease Hindlll. The ligated DNA 
was transformed into Escherichia co//TB1 and ampicUlin resistant colonies were selected on LB agar containing 
m 50ug/ml aropicillin. 40ug/m! isopropyf-p-D-thiogelactopyranoside (IPTG) and 40pg/ml 5~bromo-4-chloro.3-in- 
dolyl-p-D-galactopyranoside (X-gal). These steps were performed using well established protocols (Sambrook, 
J. et al (1989), Molecular Cloning. A laboratory manual, Cdd Spring Harbor Laboratory, Cold Spring Harbor 
New York, 2nd Edition). 

White colonies were screened for their ability to produce a bacteriophage lysin active against Usteria mono- 
40 cytogenes. These colonies were patched onto duplicate Baclo tryptose agar plates and incubated for 18 houis 
at 37°C. Ono plate was exposed to chloroform vapour for 10 min and then seeded with 0.2ml of an 1 8 hour 
broth culture of Usteria monocytogenes F6868. After incubation at 30°C for 18 hours dear zones of lyslns were 
apparent around patches of clones expressing the Usteria bacteriophage oLM4 lysln. This is illustrated in Figure 
1 . Positive clones were recovered from the duplicate plate and the pUCl B derivative plasmid isolated and char* 
45 acterized by digestion with restriction endonuciease HindUl One lysin expressing pUCl 8 clone that contained 
a 3.6Kb insert of aLM4 DNA was chosen for further analysis. This plasmid was designated pFI322. 

Delation analysis of lysln expressing plasmid pF1322 

so Characterization of pFI322 was undertaken by constructing a restriction map of this insert using single and 

double digests with a variety of restriction enzymes. The map is presented in Figure 2. Deletion of some regions 
of the 3.6kb insert contained in pFI322 was achieved by digestion with certain of these enzymes, religalion and 
transformation into £. co// TBI. In other instances endonuciease 8a/ 37 was used to introduce deletions. In 
addition, some regions of the 3.6kb cloned DNA In pFJ322 were deleted by digestion with certain restriction 

65 endonucleases and re-cloning Into appropriately cleaved plasmid vectors pUC18 or pUCl9 and transformation 
into E. cofi TB1 . These manipulations are dearly documented in Figure 2 which is presented in the form of a 
deletion map for pFI322. After confirming that the various constructed plasmids derived from pFI322 had the 
expected structures, these clones were tested for their ability to produce Usteria bacteriophage lysin. As well 
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as the plate assay described above and illustrated In Figure 1, a spectrophotometry assay was also used For 
th,s the £ coli strain carrying plasmid clones were grown at 37'C for 18 hours, harvested by centrifugation at 
•6000 x g for 5 min at 4'C, washed down once in 100mM Tris buffer pH7.5 and resuspended in this same buffer 
at approximately lOmg dry weights. Cell free extracts were made by 6 cycles of ultrasonication (15 sec on 

6 10 sec off) at 0°C using the microprobe of an MSE Soniprep 150. Unbroken cells and cell debris were removed 
by centrifugation at 25000 xg for 15 min at 4^. *n»removea 
Samples of the cell free extracts were added to an equilibrated (5 min at 37°C) 4ml reaction mixture con- 
taining d00,imole Tris HCI P H7.5 and Listeria monocytogenes F6868 indicator cells that had been harvested 
and resuspended at an O.D. 600 of 2.3. The fall In optical density caused by lysis of indicator cells was followed 

w .using a spectrophotometer. Typical results from use of this protocol are presented in Figure 3 The lytic activity 
of the plasmid derivative described above and In Figure 2 were assessed using both of these methods and the 
results are presented In Figure 2. 

These results demonstrated that the structural gene for bacteriophage «IM4 was contained within the left 
ihand 1.2kb of the DNA cloned in pFI322 and defined by the H/ndlll site at co-ordinale 0 and the £coRl site at 

ts co-ordinate 1.25 of the map illustrated in Figure 2. 

Figure 2 also indicates the orientation of Listeria bacteriophage eLM4 DMA with respect to the E coli lac 
a promoter that is present on vectors pUCie and pUC1 9. It is apparent that a positive reaction in the lysin assay 
is only found when one orientation is maintained (eg P FI324 is negative whereas P FI328 is positive even though 
both constructs contain the same Listeria bacteriophage oLM4 fragment). This suggests that expression of the 

20 lysin gene depends on use of the £ coli lee a promoter end that no Listeria bacteriophage eLM4 promoter is 
present and active in E. coli. promoter « 

Detection of the lysin protein 

23 In order to identify a protein produced by the fragment of eLM4 DNA that expressed tyain activity another 

E col, vector was used. A 2kb fragment from plasmid P FI326 between the H/ndlll site at co-ordinate 0 and a 
unique eamHI srte preseni on the polylinker of P UC19 was isolated and cloned between the Mndlll and fiamHI 
sOes of the T7 expression vector pSP73 that was purchased from Promega. The constructed plasmid named 
pFI331 was transformed into the E coli host strain JM109DE3. 

30 l H ! £ ' !!'i T7 P ?!2?" ,n ,hiS VeC, ° r iS ex P re&sed "V the P h °0« sP"if.c T7 RNA polymerase which is in- 

duced by edd.tion of IPTG in the appropriate host strain £ coli JM109 DE3. Cultures of this strain carrying 

P fH 3 ff ? '"T* ° r PFI331 Wefe 9 '° wn '° f 3 houre and induced b * addi,ion of 1f9 T<3 to a final concentration 
of 0.2mM. Incubation was continued for a further 3 hours before the cultures were harvested and used to pre- 
pare cell extracts using well-established, published procedures (Studier.F.w,, Rosenberg A H Dunn J J and 
ae Dubendortf, J.W. (1 990) Methods in Enzymology 1 85: 60-B9). 

Proteins present in cell extracts were analysed using conventional SDS-polyacrylamide gel electrophoresis 
(Laemmll (1 970) Nature 227: 680-685). The results presented in Figure 4 clear* delnsbie thauSkb^g 
ment of P FI331 expresses a single protein with a molecular size of 31 kilodaltons which represents the Ivsin 
enzyme. ' 



40 



DNA sequence of the Listeria bacteriophage eLM4 lysin gene 



The region of DNA between co-ordinate 0 and 1.2 in Figure 2 was subject to oligonucleotide sequence 
analysis using the d.deoxy chain-termination method (Sanger, F.. Coulson. A.R.. Ban-ell, B.G.. Smith A J H 

45 8 . ?°r e : n ll 9 iV: M0 ' ee • Bi ° L 143) With 3 Beduenase ve ™°" 2-0 kit (United States Biochemical Corpor- 
ation). The 0.9kb Mndlll • fcoRI and the 0.3kb ScoRI • EcoRI fragments of pF1328 were subdoned in the M13 
sequencing vectors M 13mp1 8 and M1 3mp1 9 to create templates and sequenced using universal and synthetic 
ol.gonucleot.de pnmers. To sequence across the internal EcoRI site at co-ordinate 0.9 double stranded se- 
-quenang of pFI329 plasmid DNA was used. The sequencing strategy is presented in Figure 5 and the complete 
™?,5 Ue , nCe ! S ' ft 9UrC 6> 71,6 sec > MnC6 was analysed using the computer programme ANALYSEO (Staden 
(I960) Nucleic Acd Research B: 3673-3694) which revealedan open reading frame that represents the Listeria 
bacteriophage lysin gene. The printout from the Analysed analysis is presented in Figure 7 and the open reading 
frame representing the lysin strectural gene and its translated protein product is presented in Figure 8 The 
molecular size of the translated protein was calculated to be 32.9 kilodaltons which agrees well with the cal- 

ss culated 31 ModaUon size of the protein expressed by the T7 vector P SP73 (Clone pFI33l In Figure 4) 
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Activity and specificity of the Listeria bacteriophage cLM4 ly&in 

Figure 3 illustrates the lytic activity of crude call free extracts of £. coli TB1 carrying the pfasmids pFI322 
PFI32B, pFl329 end pUCl 9 assayed using the spectrophotometry method described above. This activity was 
related to units of commercially available mutanolysin (Sigma) as has been described previously (Shearman 
C. Underwood, H, Jury, K. and Gasson M. (1989) Mot. Gen. Genetics 218: 214-221). The crude cell extracts 
of lysin expressing dones typically contained 5000 mutanolysin equivalent units per mg. protein. 

In order to test the spectrum of activity of this lycin, the spectrophotometry assay was performed on 16 
serotypes of Usteria monocytogenes, ail other species of Usteria. the related species Kurihie zopfii and a va- 
riety of other gram positive and gram negative bacteria. The results compiled in Table 1 show that the Usteria 
bacteriophage eLM4 lysin was active against all tested strains of Listeria monocytogenes, Usteria innocus Us- 
tena ivanovlf, Usteria murrayl, Listeria see/egri, Usteria welshimeri, Listeria gray, and Kurthm zopfii No activity 
was found against any of the other species tested. 
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ACTIVITY OF CLONED LY6IK AGAINST LISTE R IA SPECIES 



10 



IS 



20 



25 



30 



36 



40 



55 



Organism 



.Listeria 
monocytogenes 



Organism 



Strain Serotype Relative - 

Activity 



Time (ioin) b 



AOD t 



'ago 



45 



so Listeria 
innocua 



Listeria 
ivanovii 



F6868 


4b 


1.00 


20 


NCTC 7973 


la 


0.19 


53 


NCTC 5412 


4b 


0.90 


13 


F4642 


4 b 


0.92 


14 


NCTC10357 


la 


0.92 


20 


BL87/41 


4 




25 


NCTC 5348 


2 


0.10 


78 


SLCC2373 


3 a. 


1.20 


17 


SLCC2540 


3b 


0.19 


60 


SLCC2479 


3C 


0.15 


60 


SLCC2374 


4a 


0.54 


30 


SLCC2376 


4c 


0.19 


90 


SLCC2377 


4d 


0. 08 


90 


SLCC2378 


4e 


0.56 


28 


SLCC2482 


7 


0.45 


36 


L3056 


l/2a 


0,49 


30 


L4203 


l/2a 


0.36 


41 


Strain 


serotype 


Relative 1 


Time 



Activity AOD^l 



L4490 


l/2b 


0.29 


55 


L1378 


l/2b 


0.09 


150 


L4281 


1/2C 


0.13 


120 


L3 3 04 


l/2c 


0,12 


90 


L3253 


4bx 


0.66 


26 


L2248 


4bx 


0.08 


72 


NCTC11288 


6a 


0.90 


12 


NCTC1126 9 


6a 


0.69 


22 


NCTC11O07 




0.95 


18 
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Listeria 

seeligeri 

Listeria 

welshimeri 

Listeria 

murrayi 

Listeria 

grayi 

Kurthia 

zopfii 



SLCC5579 
NCTC11856 

NCTC11857 

NCTC10B12 

NCTC10815 

NCTC10597 



0. 51 

1, 10 

0.29 
0.86 
0.93 
0.54 



30 
15 

36 

15 

12 

28 



30 



Table 1 shows the relative sensitivity of a selection of strains of Listeria and Kurthia zopfii to the bacterio- 
phage eLhM lysin. a) Relative activity is the fall In optical density (O.D^) from 2.3 achieved In 30 minutes dlv- 
.ded by the equivalent fall obtained using Usteria monocytogenes F6668. b) The time (mln) taken for a fall In 
optical density of 0.0.*, from 2.3 to 1.3 (CD.^ fall of 1) is recorded. Other strains tested which show no sen- 
sitivity to lysin were Aervmonas hydrophila NCTC B049, Bacillus cereus NCTC 1 1 1 43. Brocothrlx thermosphso 
ta NCTC 10622, Camobocterium pisciola BL90/14, Bnterococcus faecalis BL9D711. Escherichia co//BL90/12 
Klebsiella pneumoniae NCFB 71 1, Pseudomonas fluorescent BL 76/45, Staphylococcus aureus NCTC 1 0652" 
Streptococcus pneumoniae NCTC 7465. Streptococcus pyogenes NCTC 2361. 

In addition it was observed that the lysin was active at temperatures as low as 2°C. At 2*C addition of lysin 
to suspensions of Usteria monocytogenes caused a decrease of between 0.7 and 2.0 0.D.«» units within 24 
hours. 

EXAMPLE 2: USE OF LYSIN TO CONTROL LISTERIA 



Us. as a free lysin 



3i 



so 



There are two d.stinct application concepts. One exploits a preparation of lysin enzyme manufactured by 
fermentabon of a genetically engineered micro-orgentem thai expresses the lysin gene product (Free lysin) 
The host orgamsm may be E. coli, or any other bacterial species such as Lectococo/5 lacbs a yeast such as 
Seccharomyces ceravisiae orK/uverom/ceslectis or a filamentous fungus such as Aspergillus niger. The lysin 
gene may be expressed intracellularty in which ease a preparation may consist of a cell free lysate of the pro- 
ducng organism with some purification of the lysin. for example by ammonium sulphate precipitation and/or 
column chromatography. Alternatively the fermentation micro-organism may secrete lysin into the culture me- 
dium In wh,ch case the supernatant of the centrifuged fermentation broth provides the basis of a preparation 
which again may require some purification. 

The effectiveness of a crude extract of cloned Listeria lysin was demonstrated by its addition to skimmed 
m. k contammg L*teria monocytoses. As illustrated in Fig. 9 the lysin preparation reduces the viable count 
of Usteria monocytogenes and after 22 days incubation at 6'C there is a viable count difference of 1 0» Listeria 
cfu between milk containing lysin and the control sample. 

Expression of Lysin by a genetically engineered micro-organism 

An alternate application concept is to use a genetically engineered micro-organism that is compatible with 
a food or agricultural environment such as a species of lactic acid bacteria. Such an organism then grows in a 
food or agncultural environment and expresses an introduced gene for Listeria bacteriophage lysin The oene 
may be expressed intracellularty and released inlofood or an agricultural environment by autolysis or induced 
lys.s of that micro-organism. Alternatively the lysin may be secreted by a micro-organism so that active lysin 
is released into a food or agricultural environment by that viable micro-organism. In these cases the lysin gene 
Is placed downstream of an appropriate promoter such as the lactose operon promoter or the proteinase pro- 
moter of Lactococcvs lactis NCFB 712. Secretion may he achieved by fusion of the lysin structural gene to a 
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known N terminal secretory leader such as those of the proteinase gene, the u*p45 gene or the nlsin precursor 
gene of Laciococcus lactis. Suitable organisms for this application concepl include strains of Laciococcus lactis 
in cheese and dairy products and Lactobacillus p la ntarum or Pediococcus species in agricultural silage. 
The Listeria lysin gene from plasmid pF132B was isolated together with its own ribosome binding site using 

5 the polymerase chain reaction. This fragment was cloned into the Pstl site of £. coli vector pUC19 in both ori- 
entations (plasmids pF1531 and pFl532). Expression of this gene in E. coll strains was observed from one 
orientation only, under the control of the /ac a promoter of the vector (plasmid pF153i). Enzyme activity of cell 
extracts of this strain was comparable to that of E co/Zstrains carrying plasmid pFl 322. Using plasmid pFl532 
that did not express the lysin gene and cloning the lactococcal /acA promoter/lacR gene on a BamHl fragment 

10 (Van Rootjen et a/, (1992) J. Bacteriol. 174: 2273-2280) upstream of the lysin gene (plasmid pF1533) expres- 
sion in E. coli of bLM-4 lysin from the lactococcal lacA promoter was obtained. The lytic activity of extracts from 
these E. coli strains was lower when the lysin gene was expressed from the lacA promoter. The SstifSphl frag- 
ment of pF1533 containing the oLM-4 lysin gene with the lacA promoter/lacR gene was cloned into the SsAISphi 
sites of the lactococcal vector pTG262 (Shearman et al (1989) Molecular and General Genetics 218: 214-221) 

is and the resulting plasmid pFI534 was used to transform L. lactis MG5267. As shown in Figura 10 cell extracts 
of this strain expressed eLM»4 lysin activity when grown on lactose, on glucose enzyme activity of cell extracts 
was reduced. 

The eLM-4 lysin gene together with the lacA promoter/lacR gene was cloned into pF145. a plasmid ex- 
pressing the Laciococcus phage evML3 lysin gene which causes lysis during stationary phase of L lactis cul- 
20 tures carrying the plasmid (Shearman et al (1992) Biotechnology 10: 196-199). The resulting plasmid pFl535 
in L. lactis MG5267 when grown on lactose produced a culture that grew to stationary phase, then lysed as a 
consequence of Ihe bvML3 lysin, releasing eLM-4 lysin Into the culture supernatant. 



EXAMPLE 3; SPECIFIC DETECTION OF MICRO-ORGANISMS 



The specificity of a bacteriophage lysin provides an opportunity to specifically detect those micro-organ- 
isms which are susceptible to it For example to detect Listeria sp. the lysin described here may conveniently 
be used at a post enrichment stage where a broth culture of those micro-organisms present in a test sample 
is first produced. The identity of species of bacteria in the sample at this stage is unknown. The bacterial culture 

30 may be centrlfuged and resuspended in an essay buffer (eg the one used here in studies of lysin specificity). 
A control preparation and separately a preparation containing active Listeria lyafn are then added. Sufficient 
units of lysin activity are used to provide very effective lysis of any lysin susceptible cells (ie Listeria). After in- 
cubation for a short period {eg 30 min) any Usteria present will lyse, but other species will not. The presence 
of Listeria will then be detected by the lysis of bacteria In the 6ample treated with the lysin whereas no lysis 

35 occurs in the control. 

The detection of lysis may be achieved by assaying an intracellular eruyme or metabolite. Especially useful 
enzyme assays are for phosphatase orfor esterase. Alkaline phosphate can be assayed spectro photometrically 
by following appearance of p-nitrophenol, which is yellow, from the colouriess substrate p-nitrophenyl-phos- 
phale at 405nm. Esterase activity can be assayed using fluorescein diacetate which is cleaved to acetate end 

40 fluorescent fluorescein and measuring the latter in a fluorometer. One especially suitable metabolite assay in- 
volves ATP detection. For this the well established luciferase assay In which ATP molecules generate light is 
exploited. Light emission may be measured in a luminometer. (An example of an end point detection reagent 
using lucrferase-lucrferln is marketed by Sigma Chemical Company as product L-1761). 

« EXAMPLE 4: CLOSTRIDUM TYROB UTYRtCUM BACTERIOPHAGE oPI LYSIN 

Bacteriophage eP1 was isolated from a landfill core sample using Clostridium tyrobutyricum NCFB 1755 
as host. Bacteriophage aP1 was tested against six more strains of C. tyrobutyricum. Strains NCFB 1753 and 
NCFB 1756 supported the growth of bacteriophage and they were thus host strains as was the strain NCFB 
50 1755. Against C. tyrobutyricum strains NCFB 1 715, NCFB 1754. NCFB 1757 and NCFB 1 790 an undiluted oP1 
. stock suspension gave a clear zone but diluting out did not result in individual bacteriophage plaques. This in. 
dicates that these strains were lysin sensitive but not bacteriophage sensitive. Bacteriophage aP1 thus pro- 
duces 8 lysin with a broad specificity for strains of C. tyrobutyricum. Similar tests of bacteriophage oP1 with a 
wide variety of other bacteria showed no effect of the lysin or bacteriophage particles against C sporogenes 
55 strains ATCC 17866. NCFB 1789. NCFB 1791; C. butyricum strains NCFB 1713. NCFB 857; Lactobacillus bui- 
• tineri strains NCFB 110. F3327; L brevis strains NCFB 1749, F3328; L helveticus strains NCFB 1243, CNRZ 
832; L bulgaricus CNRZ448; L. plantarum strains NCFB 1752. NCFB B2, NCFB 963; Escherichia coli Bl 90/1 2; 
Bacillus cereus NCTC 1 143. 
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Bacteriophage eP1 was deposited at the National Collections of Industrial and Marine Bacteria. 23 St Ma- 
char Drive, Aberdeen, AB2 1RY, Scotland on 5 April 1991 and a new deposit was made on 4 July 1991 under 
the Budapest Treaty and has been accorded Accession No NCIMB 40400. 



Claims 

1. A formulation comprising a lysin of a bacteriophage of a food- contaminating or pathogenic bacterium or 
a variant of such a lysin, substantially free of the bacteriophage itself. 

2. A formulation according to Claim 1 wherein the bacteriophage is a Listeria monocytogenes bacteriophage. 

3. A formulation according to Claim 2 wherein the bacteriophage is cLM4. 

4. A formulation according to Claim 1 wherein the bacteriophage is a Clostridium tyrobulyricum bacterio- 
phage. 

5. A method of destroying micro-organisms characlerised in that said micro-organisms are lysed with a for- 
mulation according to any one of the preceding claims. 

6. A method according to Claim 5 wherein pathogenic strains of Usteria or Clostridium are destroyed in or 
on food products. 

7. A substantially pure preparation of a Listeria or Clostridium bacteriophage lysin. 

2S $, A nucleotide coding sequence for the lysin of a bacteriophage of a food-contaminating or pathogenic bac- 
terium or a variant of such a lysin. 

9. A coding sequence comprising the DNA coding sequence given In Figure 6 or a variant thereof encoding 
the same polypeptide. 

30 

10. An expression vehicle comprising a coding sequence according to Claim e or 9 and regulatory regions 
associated therewith for expression of the coding sequence in a suitable host 

11. A microbial host transformed with means to express a lysin of a bacteriophage of a pathogenic or food- 
contaminating bacterium or a variant of such a lysin. 

12. A host according to ClBim 11 which ia a food-grade micro-organism. 

13. A lysin derived from the cultivation of a host according to Claim 1 1. 

^ 14. A method of testing for s pecific bacteria in a sample, comprising adding a bacteriophage or bacteriophage 
lysin to the sample and determining whether bacterial cells have been lysed thereby, 
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Fig. 1 ' 
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FIGURE 2 
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FIGURE 3 
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FIGURE 5 
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FIGURE 6 
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HetAlaLeuThrGluAlalrpLeuI leGluLysAlaAsnArgLysLeuAsnThrSerGly 
ATGGCATTAACAGAGGCATGGCTAATTGAAAAAGCAAATCGCAAATTGAATACGTCAGGT 

1B6 + + ♦ + + + 24S 

TACCGTAATTGTCTCCGTACCGATTAACTTTTTCGTTTAGCGTTTAACTTATGCAGTCCA 

MetAsnLysAlaThrSerAspLysThrArgAsnVal I leLysLysMetAlaLysGluGly 
ATGAATAAAGCTACATCTGATAAGACTCGGAATGTAATTAAAAAAATGGCAAAAGAAGGG 
246 -4 * * ♦ +< + 30S 

TACTTATTTCGATGTAGACTATTCTGAGCCTTACATTAATTTTTTTACCCTTTTCTTCCC 

I leTyrLeuCysValAlaGlnGlyTyrArgSerlhrAlaGluGlnAsnAlaLeuTyrAla 

ATTTATCTTTGTGTTGCGCAAGGTTACCGCTCAACAGCGGAACAAAATGCGCT AT ATGCA 
306 + 4 + + + + 36t> 

TAAATAGAAACACAACGCGTTCCAATGGCGAGTTGTCGCCTTGTTTTACGCGATATACGT 

GlnGlyArgThrLysProGlyAlal leValThrAsnAlaLysGlyGlyGlnSerAsnHis 
caagggagaaccaaacctggagcgattgttaci AATGCT AAAGGTGGGCAAT CT AATCAT 

366 + " + + < + 425 

gttccctcttggtttggacctcgctaacaatgattacgatttccacccgttagattagta 

AsnPheGlyValAlavalASDLeuCysLeuTyrThrSerAspGlyLysAspvallleTrp 
aatttcggtgtagcagttgatttgtgcttgtatacgagcgacggaaaagatgttatttgg 

a26 + ™ ; +«- ♦ ^ * + cfi5 

ttaaagccacatcgtcaactaaacacgaacatatgctcgctgccttitctacaataaacc 

GluSerThrT h.rSerArgT rpLysLysVa iVaUlaAlaMetLysAlaGluGlyPheGlu 
GAGTCGACAACTTCCCGGTGGAAAAAGGTTGTTGCTGCTATGAAAGCGGAAGGATTCGAA 
*66 1 + 1 + + — ♦ 545 

CTCAGCTGTTCAAGGGCCACCTTTTTCCAACAACGACGATACTTTCGCCTTCCTAAGCTT 



T rpGl yG 1 y A s pTT p L y s 5 e rPTTel y s AspTyTP r b Hi sPheG luLeuCy s AspA 1 aVa 1 
TGGGGCGGAGA77GGAAAAGTTTTAAAGACTATCCGCATTTTGAACTA.TGTGACGCTGTA 

546 ♦ + * 1 + 505 

ACCCCGCCTCTAACCTTTTCAAAATTT CTGAT AGGCGT AAAACTTGAT ACACTGCGACAT 

SerGI yG luLysI )eProT hrA laThrGlnAsnl hrAsnProAsnArgHi sAspGl yiys 
AGTGGTGAGAAAATCCCTACTGCGACACAAAACACCAATCCAAACAGACATGATGGGAAA 
C06 + + --- t + ♦ 665 

TCACCAC7CTT7TAGGGATGACGCTCTGTTTTGTGGTTAGGTTTGTCTGTACTACCCTTT 

IleValAsDSerAlaProLeuLeuProLysMetAspPheLysSerAsnProAlaArghet 
ATCGTTGACAGCGCGCCACT ATTGCCAAAAATGGACT tt AAATCAAATCCaGCGCGCATG 

C6G — + + + __ « + ^ 72S 

tagcaactgtcgcgcggtgataacggtttttacctgaaatttagtttacctcgcgcgtac 

TyrlysSerGlyThrGluPheteuVaU yrGluHi sAsnGlnTyrl rpTyrLysThrl yr 

tataaatcaggaactgagttcttagtatatgaacataatcaatattcgtacaagacgtac 

726 — + + 4 4 «, 78S 

atatttagtccttgactcaagaatcatatacttctattagttataaccatgttctgcatg 

FIGURE 8 (START) 
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FIGURE 8 (END) 
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FIGURE 1 0 
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FIGURE 7 
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MtitAloLeuTl^ruluAHTrpLeunffCUjLyr.AlaAKnArgLysLcuAsnlhrRRrCly 
A 7 G6CA7 T AACAGAGG CA7 GC CI A AT I G AA AA AG CAAAT CCCAAAT TGAA7 A CG \ CAGG7 

1 ACCG7 A ATI GT CI C CGT ACCCAT r AACTTTTT CGTT V AGCGTT 1 AACT T AT CCAG 1 CCA 

MeUcn : lVsATnThrfierAi;p».ys7hpAr9ABnVfi1i'\cLyiLysH€i:AlHi ysGluGly 
24 6 A1 GA + T A 07 A< * A1 ^ AAG ^ CT CCCAM PTAATT AA AAAAATGG CAAaACAAGCR 
IACTTAT TT COAT GTAGACT ATI C 1 GAUCC I 1 ACAl TAATTT TT TT AC CGTT I VCTTCI5C 

TlcTyrLeuCysVaUlaGliiGlyTyrArgserihrAlaGluGlnAsnAiHi m/ryrAU 
■ AT H ATCT TTG 1 Gl T GCGCAAGGT TACCCC7 CAACACCCGAA CAAAA T GOCC7 AT A J CCA 

T AA ATAGAA ACACAACGCG7 1 LXAAYGGCGAGT 7GT CGCCT7 GT X VI ACGCGAT Al ACG7 

G 1 nG 1 y A r gT h r L y s P roG 1 y A 1 a 1 1 m 1 t h r AsiiA 1 tl y sG I yG 1 y G I ntr> r As nH i * 

CAAGGGAGAACCAAACCVG«AGCGAnGTTACTAATGC7AAAGLMGGGCAAlClA/,TCAi 
356 < ~ + 1 . 4 . ,; i ^ 

G77CCCTCT1 tiGl I V GUACC7CGC7 AACA ATGA7 T ACG AT TTCCACCCGT V aGaT T AGT A 

A5nPhPG^yV»7A)aValAspLDUCysLcu7yr7hrGerAf>pG1yl.y.s-AHpVal2lGlrp 

AATTTCGGTG7 AGCaGITGAT7TGTGC7TGTA" ACGAGCGACGGAAAAGATGTTATTTGf; 
^25 4 + 4 , + 

TTAAAQCCACAVCG) UAACVAAACACGAACATATGCTCCCTOCCTI I t C I ACAATAAACC 

C 1uS«r7 hrThrSs rArgl rpLys Lysva i Val Al &A7 RHetL ysAl <>G 1 uf. 1 yPh*G 1 u 

OAGTCUACAACTVCCCGG7(JCAAAAAGGTTC77GCTCC7ArGAAAGC^AAGGA77COAA 
4&6 ... 4 + + 

CTCACC TGI 1 c AAUOGCCACC7 TT T T CCAACAACGACGATACT 7 ) CG CCf I CC7 AAGC'7 1 

TrpGlyGlyAspi rpty&SerPhoj. yaA&cri yrProHuPheC1uLftuCysAsi>A)aVol 
TGGGGCGU AGA I \ GC AAAAGT T 7T AAAGAC 7 A7 CCQCAT TTT GMC1 A I Gl GACGCTGTA 

ine + f 1 +. , 

ACCCCGGC7C7 AACC1 1 I I CAAAA) T7 C 1GA7 AGGCG1 AAAA0T7 GAT AC AC7 GCGACA f 

Spr G 1 yG I ul.ysi 1 eProt hi-A U I Tirol nAsn i he AsnProAsnArgH i sAspC i yt ya 
AGTGG7 G ACAAA A7 C CCT ACT GCG ACAC AAAAC.A CCA AT CC AAACAG aCa )G A7 CGGAAA 
606 • — «- — + ± ^ 

T CACCACT CT 7 TTACGCAT GACGCTG I G I 7 1 IUYGGr7AGG7T7GTCTG7 AC7AC.CC77 I 

1 1 6V 8 1 AspSC r A I a? r 01 CM L OUP rol ysHn |.A k pP> .«l y k SRrAsr iV f oA liA r gMc t 
ATCGT TGACAC CGCC CCACTA7 TC C CAAAAA7 GGAC I l'TAAATl'AAA7 CCA.GCCCGCATG 
66G ♦ + ♦. , , + 

T AGCAA CHI I CCCti CUtiTCAl AACGGT T 17 7 ACC1 GAAAT T TAC7 1 I AGO CCCGUGTaC 

iyrLys6orC\y7hrClurh«l KuVulTyr c. luHis-Asr.Glm yr7 roTyriysThrTyr 
TAT AAAT C ACG AACT GAU1 1 C1I Ati \ A I Al GAAliA I AA7GAA7 AT X CC T ACA ACACC 7 AC 
72 r, + + .. 4 1 ^ + 

A1AI I I' AG f CC f TGAC7 C AAG AAT CAT AT ACT T G7 ATT AG 11 AT A ACC A I G 1CTGCAT0 
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ATCAACGACA^AT7ATAr,TA.CAlGTA7AAGACCTTTTGCGATGrrGTAGCTAAAAAAGA'l' 
766 ♦ 4 * 1 « . „ 1< . 

7 ACT 7C.CT GTT T AATAfCATdl AGAT ATTDT CGAAAACCCl AC AACA I CUA1 1111 I CI A 

AlalysGlyArsneLysvalAnj) leLysSerAliiLysAspl HuArgneProValTrn 
15 CAA A ACfiA CGCATCAA AG7 7 CC-AAT TAAAAG CQCGAAAGAC7, 7 ACGAA I VCCAGI I ICC 

0177 TT T COT GCGTAGT 7 7 CAA.GCT TMT T T TCCCGCT f 7 07 G AATCCf I AAGG I CAAALT *°* 
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AAlAACACAAAAT7aAAnmnGCAAAA77AAATGGTA7£iCACf^AATAGAAAAr7AGf;A 
9DC i — 4 f-, - f + a.___J_ 

TT A7 TCT G7 TT7 AACT7 AAGACCC7 7 TTAA7 7 TACC-A7ACUTG0G7 7 ATGT7 H AATCC7 

TrpTyrA>>nAsnGlyLysG)y7yfLcuG1uLcul rpl yrG^JLyiAspGlyl rptvr | vr 
T GG7 AC AAC AACGGAAAAUUAT AC7 TCCAAC7 C7GG7AT f.AAAAGQAT GGCT (TA ACT AC 
966 1 *. i — 4 4 4_J___ 

ACCATGrVG7rCCC777TCC7A7GAA«;77GAGACf;ATACTT7TCC7ACCGAr.CA7GAi : G 

ThrA laAsriTyrPhfilttuLyc 
ACAGCGAAC T ACT 'I C V I AAAA 

>026p ♦ + 10/10 

TGTCGCT fGATGAAGAAT H f 
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